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(54) Electron emission device

(57)  Anelectron emission device includes gate elec-
trodes (6) formed on a substrate (2). The gate elec-
trodes are located on a first plane. An insulating layer
(8) is formed on the gate electrodes. Cathode electrodes
(10) are formed on the insulating layer. Electron emis-
sion regions (12) are electrically connected to the cath-
ode electrodes. The electron emission regions are lo-
cated on a second plane. In addition, the electron emis-

FIG.2

sion device includes counter electrodes (18) placed
substantially on the second plane of the electron emis-
sion regions. The gate electrodes and the counter elec-
trodes are for receiving a same voltage, and a distance,
D, between at least one of the electron emission regions
and at least one of the counter electrodes satisfies the
following condition: 1(um)<D<28.1553+1.7060t(um),
where t indicates a thickness of the insulating layer.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an electron
emission device, and in particular, to an electron emis-
sion device which has gate electrodes placed at the
same plane as electron emission regions to induce the
emission of electrons from the latter.

Description of Related Art

[0002] Generally, the electron emission devices can
be classified into two types. A first type uses a hot (or
thermo-ionic) cathode as an electron emission source,
and a second type uses a cold cathode as the electron
emission source.

[0003] Also, in the second type electron emission de-
vices, there are a field emitter array (FEA) type, a metal-
insulator-metal (MIM) type, a metal-insulator-semicon-
ductor (MIS) type, and a surface-conduction emission
(SCE) type.

[0004] The MIM-type and the MIS-type electron emis-
sion devices have either a metal/insulator/metal (MIM)
electron emission structure or a metal/insulator/semi-
conductor (MIS) electron emission structure. When volt-
ages are applied to the metals or the semiconductor,
electrons are migrated from the metal or semiconductor
having a high electric potential to the metal having a low
electric potential, and accelerated to thereby emit elec-
trons.

[0005] The SCE-type electron emission device in-
cludes first and second electrodes formed on a sub-
strate while facing each other, and a conductive thin film
disposed between the first and the second electrodes.
Micro-cracks are made at the conductive thin film to form
electron emission regions. When voltages are applied
to the electrodes while making the electric current flow
to the surface of the conductive thin film, electrons are
emitted from the electron emission regions.

[0006] The FEA-typed electron emission device is
based on the principle that when a material having a low
work function or a high aspect ratio is used as an elec-
tron emission source, electrons are easily emitted from
the material due to the electric field in a vacuum atmos-
phere. A front sharp-pointed tip structure based on mo-
lybdenum, silicon, or a carbonaceous material, such as
carbon nanotube, graphite and/or diamond-like carbon,
has been developed to be used as the electron emission
source.

[0007] Generally, a cold cathode-based electron
emission device has first and second substrates forming
avacuum vessel. Electron emission regions, and driving
electrodes for controlling the electron emission of the
electron emission regions, are formed on the first sub-
strate. Phosphor layers, and an electron acceleration
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electrode for effectively accelerating the electrons emit-
ted from the side of the first substrate toward the phos-
phor layers are formed on the second substrate to there-
by emit light and/or display desired images.

[0008] The FEA-type electron emission device has a
triode structure where cathode and gate electrodes are
formed on the first substrate as the driving electrodes,
and an anode electrode is formed on the second sub-
strate as the electron acceleration electrode. The cath-
ode and the gate electrodes are placed at different
planes, and separately receive different voltages such
that electrons are emitted from the electron emission re-
gions that are electrically connected to the cathode elec-
trodes.

[0009] With the FEA-type electron emission device,
the amount of electrons emitted from the electron emis-
sion regions is exponentially increased with respect to
the intensity of the electric field (E) formed around the
electron emission regions. The intensity of the electric
field (E) may be proportional to the voltage applied to
the gate electrodes, and to the closeness of the electron
emission regions to the gate electrodes.

[0010] However, with the currently available electron
emission devices, the intensity of the electric field (E) is
not maximized due to the structural limitation of the gate
electrodes so that the amount of electrons emitted from
the electron emission regions cannot be significantly in-
creased, and this makes it difficult to realize a high lu-
minance screen.

[0011] Of course, the voltage applied to the gate elec-
trodes may be heightened to solve the above problem.
However, in such a case, it becomes difficult to make
widespread usage of the electron emission device due
to the increased power consumption, and with the use
of a high cost driver, the production cost of the electron
emission device is increased.

SUMMARY OF THE INVENTION

[0012] In one aspect of the present invention, there is
provided an electron emission device which can in-
crease the amount of emitted electrons without height-
ening the driving voltage for making the electron emis-
sion.

[0013] Inanexemplary embodiment of the presentin-
vention, an electron emission device includes gate elec-
trodes formed on a substrate. The gate electrodes are
located on a first plane. An insulating layer is formed on
the gate electrodes. Cathode electrodes are formed on
the insulating layer. Electron emission regions are elec-
trically connected to the cathode electrodes. The elec-
tron emission regions are located on a second plane. In
addition, the electron emission device includes counter
electrodes placed substantially on the second plane of
the electron emission regions. The gate electrodes and
the counter electrodes are for receiving a same voltage,
and a distance, D, between at least one of the electron
emission regions and at least one of the counter elec-
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trodes satisfies the following condition: 1(um)
<D<28.1553+1.7060t(um), where t indicates a thick-
ness of the insulating layer.

[0014] Inan exemplary embodiment of the presentin-
vention, an electron emission device includes gate elec-
trodes formed on a substrate. The gate electrodes are
located on a first plane. An insulating layer is formed on
the gate electrodes. Cathode electrodes are formed on
the insulating layer. Electron emission regions are elec-
trically connected to the cathode electrodes. The elec-
tron emission regions are located on a second plane. In
addition, the electron emission device includes counter
electrodes placed substantially on the second plane of
the electron emission regions. The gate electrodes and
the counter electrodes are for receiving a same voltage,
and when voltages are applied to the cathode elec-
trodes and the gate electrodes, one or more inflection
points of an electric field intensity are present. Further-
more, when a distance between at least one of the elec-
tron emission regions and at least one of the counter
electrodes is indicated by D, and a largest distance be-
tween the at least one electron emission region and the
at least one counter electrode at the inflection points is
indicated by d1, the distance, D, between the at least
one electron emission region and the at least one coun-
ter electrode satisfies the following condition: 1(um)
<D<d1(um).

[0015] The distance, D, between the atleast one elec-
tron emission region and the at least one counter elec-
trode may satisfy the following two conditions: 1(um)
<D<28.1553+1.7060t(um), and 0.5(um)<t<30(um),
where t indicates a thickness of the insulating layer.
[0016] Inanexemplary embodiment of the presentin-
vention, an electron emission device includes gate elec-
trodes formed on a substrate. The gate electrodes are
located on a first plane. An insulating layer is formed on
the gate electrodes. Cathode electrodes are formed on
the insulating layer. Electron emission regions are elec-
trically connected to the cathode electrodes. The elec-
tron emission regions are located on a second plane. In
addition, the electron emission device includes counter
electrodes placed substantially on the second plane of
the electron emission regions. The gate electrodes and
the counter electrodes are for receiving a same voltage,
and at least one of the electron emission regions and at
least one of the counter electrodes are spaced apart
from each other with a distance of about 1 to 30 um.
[0017] The gate electrodes may be positioned closer
to the substrate than the cathode electrodes. Further-
more, the counter electrodes may be formed on the in-
sulating layer while contacting the gate electrodes
through via holes formed at the insulating layer.

[0018] Inanexemplary embodiment of the presentin-
vention, an electron emission device includes first cath-
ode electrodes formed on afirst substrate. The first cath-
ode electrodes are located on a first plane. An insulating
layer is formed on the first cathode electrodes. Gate
electrodes are formed on the insulating layer. The gate
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electrodes are located on a second plane. In addition,
the electron emission device includes second cathode
electrodes and electron emission regions. The second
cathode electrodes are placed substantially on the sec-
ond plane of the gate electrodes, and the second cath-
ode electrodes and the first cathode electrodes are for
receiving a same voltage. The electron emission device
is electrically connected to the second cathode elec-
trodes, and at least one of the electron emission regions
and at least one of the gate electrodes are spaced apart
from each other with a distance of about 1 to 30 um.
[0019] The first cathode electrodes may be positioned
closer to the substrate than the gate electrodes. The
second cathode electrodes may be formed on the insu-
lating layer while contacting the first cathode electrodes
through via holes formed at the insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description,
serve to explain the principles of the present invention.
[0021] FIG. 1 is a partial exploded perspective view
of an electron emission device according to a first em-
bodiment of the present invention.

[0022] FIG. 2is a partial sectional view of the electron
emission device according to the first embodiment of the
present invention.

[0023] FIG. 3is a partial plan view of the first substrate
shown in FIG. 1.
[0024] FIG. 4 is a partial plan view of the first sub-

strate, illustrating a variant of the cathode electrodes
and the electron emission regions.

[0025] FIG. 5 is a graph for illustrating the variation
pattern in the intensity of the electric field applied to the
electron emission regions depending upon the variation
in the distance between the electron emission regions
and the counter electrodes.

[0026] FIGs.6A, 6B, and6C are graphs illustrating the
electric field intensity of the electron emission regions
measured in accordance with the variation in the dis-
tance between the electron emission regions and the
counter electrodes when the thickness of the insulating
layer is 30 um, 25 um and 1 um.

[0027] FIG. 7 is a graph illustrating the variation in the
cathode current depending upon the voltage difference
between the gate electrodes and the cathode elec-
trodes.

[0028] FIG. 8 is a graph illustrating the leakage cur-
rent depending upon the variation in the distance be-
tween the electron emission regions and the counter
electrodes.

[0029] FIG. 9 is a graph illustrating the electric field
intensity depending upon the variation in the distance
between the electron emission regions and the counter
electrodes with an electron emission device according
to a second embodiment of the present invention.
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[0030] FIG. 10is a partial plan view of a first substrate
of an electron emission device according to a third em-
bodiment of the present invention.

[0031] FIG. 11 is a partial plan view of a first substrate
of an electron emission device according to a fourth em-
bodiment of the present invention.

[0032] FIG. 12 is a partial sectional view of the first
substrate of the electron emission device according to
the fourth embodiment of the presentinvention, illustrat-
ing a variant of the resistance layers and the electron
emission regions.

[0033] FIG. 13is a partial plan view of a first substrate
of an electron emission device according to a fifth em-
bodiment of the present invention.

[0034] FIG. 14isa partial sectional view of an electron
emission device according to a sixth embodiment of the
present invention.

[0035] FIG. 15 is a partial plan view of the first sub-
strate of the electron emission device according to the
sixth embodiment of the present invention.

[0036] FIG. 16 is a plan view of the first substrate of
the electron emission device according to the sixth em-
bodiment of the present invention.

[0037] FIG. 17 is a drive waveform chart illustrating
an instance of drive waveforms capable of being applied
to the electron emission device according to the sixth
embodiment of the present invention.

[0038] FIG. 18 is a partial plan view of a first substrate
of an electron emission device according to a seventh
embodiment of the present invention.

[0039] FIG. 19is a partial plan view of a first substrate
of an electron emission device according to an eighth
embodiment of the present invention.

[0040] FIG. 20 is a partial sectional view of the first
substrate of the electron emission device according to
the eighth embodiment of the present invention, illus-
trating the variants of the resistance layers and the elec-
tron emission regions.

[0041] FIG. 21isa partial sectional view of an electron
emission device according to a ninth embodiment of the
present invention.

DETAILED DESCRIPTION

[0042] In the following detailed description, exempla-
ry embodiments of the present invention are shown and
described by way of illustration. Accordingly, the draw-
ings and description are to be regarded as illustrative in
nature, and not restrictive.

[0043] Anelectron emission device according to afirst
embodiment of the present invention will be now ex-
plained with reference to FIGs. 1 to 8.

[0044] AsshowninFIGs. 1to 3, the electron emission
device of the first embodiment includes first and second
substrates 2 and 4 arranged parallel to each other with
a predetermined distance to form an inner space. To
emit light and/or display desired images, an electron
emission structure is provided at the first substrate 2 to
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emit electrons, and a light emission or display structure
is provided at the second substrate 4 to emit visible rays
due to the electrons.

[0045] Specifically, gate electrodes 6 are stripe-pat-
terned on the first substrate 2 in a first direction of the
first substrate 2 (e.g., in a y-axis direction of FIG. 1). An
insulating layer 8 is formed on the entire surface of the
first substrate 2 to cover the gate electrodes 6. Cathode
electrodes 10 are stripe-patterned on the insulating lay-
er 8 in a second direction crossing the gate electrodes
6 (e.g., in an x-axis direction of FIG. 1).

[0046] Electron emission regions 12 are formed at
one-sided portions of the cathode electrodes 10 while
partially contacting the cathode electrodes 10 such that
they are electrically connected to the cathode elec-
trodes 10. The electron emission regions 12 are provid-
ed at the respective pixel regions defined on the first
substrate 2 where the gate and the cathode electrodes
6 and 10 cross each other.

[0047] The electron emission regions 12 are formed
on the insulating layer 8 while contacting the one-sided
portions of the cathode electrodes 10 with a predeter-
mined width. Alternatively, as shown in FIG. 4, grooves
16 may be formed at one-sided portions of cathode elec-
trodes 14 to receive electron emission regions 12, and
the electron emission regions 12 are placed within the
grooves 16 while contacting lateral sides of the cathode
electrodes 14.

[0048] The electron emission regions 12 are formed
with a material for emitting electrons under the applica-
tion of an electric field. The material can be a carbona-
ceous material and/or a nanometer-sized material. In
addition, the electron emission regions 12 can be
formed with carbon nanotube, graphite, graphite na-
nofiber, diamond, diamond-like carbon, C60, silicon na-
nowire, and/or a combination thereof. The electron
emission regions 12 may be formed through screen
printing, chemical vapor deposition, direct growth, and/
or sputtering.

[0049] Counter electrodes 18 (which may also be re-
ferred to as second gate electrodes) are formed on the
insulating layer 8 while being electrically connected to
the gate electrodes 6 to receive the same voltage as the
latter. The counter electrodes 18 contact the gate elec-
trodes 6 through via holes 8a formed at the insulating
layer 8 while being electrically connected thereto. The
counter electrodes 18 are arranged at respective pixel
regions defined on the first substrate 2 while being
spaced apart from the electron emission regions 12 and
between the cathode electrodes 10 (or the cathode elec-
trodes 14).

[0050] As shown in FIGs. 1 to 4, the counter elec-
trodes 18 are roughly a squared-shape, but the shape
thereof is not limited thereto. That is, the shape of the
counter electrodes 18 may be altered or modified in var-
ious manners.

[0051] In operation and referring now to FIGs. 1 to 3,
when predetermined driving voltages are applied to the
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gate and the cathode electrodes 6 and 10 to form elec-
tric fields around the electron emission regions 12, the
counter electrodes 18 further form electric fields at the
lateral sides of the electron emission regions 12. Ac-
cordingly, even though a low driving voltage is applied
to the gate electrodes 6, the counter electrodes 18 make
it possible to enhance emission from the electron emis-
sion regions 12.

[0052] With the above structure, the gate electrode 6
has the role of a first electrode placed at the plane dif-
ferent from the cathode electrode 10 to form an electric
field for emitting electrons, and the counter electrode 18
has the role of a second electrode placed at the same
plane as the electron emission region 12 to additionally
form the electric field for emitting electrons.

[0053] Also, with the structure where the counter elec-
trodes 18 are formed on the insulating layer 8, the elec-
tron emission regions 12 are partially or wholly placed
closer to the counter electrodes 18 than to one-sided
peripheries of the cathode electrodes 10 facing the
counter electrodes 18. That is, as shown in FIG. 3, the
shortest distance, D, between the electron emission re-
gion 12 and the counter electrode 18 is smaller than the
shortest distance, a, between the cathode electrode 10
and the counter electrode 18, and in this case, the dis-
tance between the electron emission region 12 and the
counter electrode 18 is reduced.

[0054] Red, green and blue phosphor layers 20 are
formed on the surface of the second substrate 4 facing
the first substrate 2, and black layers 22 are disposed
between the phosphor layers 20 to enhance the screen
contrast. An anode electrode 24 is formed on the phos-
phor layers 20 and the black layers 22 with a metallic
material, such as aluminum, through deposition.
[0055] The anode electrode 24 receives direct current
voltages of several tens to several thousands of volts
from the outside, and accelerates the electrons emitted
from the side of the first substrate 2 toward the phosphor
layers 20. In addition, the anode electrode 24 reflects
the visible rays radiated toward the first substrate 2 from
the phosphor layers 20 to the side of the second sub-
strate 4to further enhance the screen luminance.
[0056] Alternatively, the anode electrode 24 may be
formed with a transparent conductive material, such as
indium tin oxide (ITO). In this case, the anode electrode
(not shown) is placed on the surfaces of the phosphor
layers 20 and the black layers 22 facing the second sub-
strate 4. The anode electrode may be formed on the en-
tire surface of the second substrate 4, or partitioned into
plural portions with a predetermined pattern.

[0057] Referring now still to FIGs. 1 to 3, the first and
the second substrates 2 and 4 are arranged such that
the cathode and the anode electrodes 10 and 24 face
each other, and are attached to each other at their pe-
ripheries via a seal frit. The inner space between the first
and the second substrates 2 and 4 is exhausted to be
in a vacuum state to thereby construct an electron emis-
sion device. In addition, a plurality of spacers 26 are ar-
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ranged at the non-light emission area between the first
and the second substrates 2 and 4 to space them apart
from each other with a predetermined distance.

[0058] The above-structured electron emission de-
vice is driven by supplying a predetermined voltage to
the gate electrodes 6, the cathode electrodes 10, and
the anode electrode 24 from the outside. For instance,
the cathode electrodes 10 receive minus (-) scanning
voltages of several to several tens of volts to function
as the scanning electrodes, and the gate and the coun-
ter electrodes 6 and 18 receive plus (+) data voltages
of several to several tens of volts to function as the data
electrodes.

[0059] Of course, plus (+) voltages may be applied to
all the cathode and the gate electrodes 10 and 6 to drive
them. That is, it may be established with the electron
emission device that when the cathode electrode 10 re-
ceives a ground voltage (for example, 0V) and the gate
electrode 6 receives a plus (+) voltage of several tens
of volts, the pixels turn on, and when all the cathode and
the gate electrodes 10 and 6 receive a plus (+) voltage
of several tens of volts, the pixels turn off.

[0060] Accordingly, electric fields are formed at the
bottom sides of the electron emission regions 12 where
the gate electrodes 6 are placed, and at the lateral sides
of the electron emission regions 12 where the counter
electrodes 18 are formed, due to the voltage difference
between the cathode electrodes 10 and the gate elec-
trodes 6. The electrons emitted from the electron emis-
sion regions 12 are attracted toward the second sub-
strate 4 by the high voltage applied to the anode elec-
trode 24, and collide against the corresponding phos-
phor layers 20 to thereby emit light.

[0061] In operation, the intensity of the electric field
applied to the electron emission regions 12 is closely
related to the voltage applied to the gate electrodes 6,
the thickness of the insulating layer 8, and the distance
between the electron emission region 12 and the coun-
ter electrode 18.

[0062] In this embodiment, an electron emission re-
gion 12 and a counter electrode 18 are spaced apart
from each other with an optimal distance to maximize
the intensity of the electric field applied to the electron
emission region 12, and to minimize the leakage of cur-
rent between the electron emission region 12 and the
counter electrode 18. The distance between the elec-
tron emission region 12 and the counter electrode 18 is
indicated by the dimension measured in the plane of the
first substrate 2.

[0063] FIG. 5 schematically illustrates the variation
pattern in the intensity of the electric field applied to the
electron emission region depending upon the variation
in the distance between the electron emission region
and the counter electrode. As shown in FIG. 5, an in-
flection point A, where the electric field value is first de-
creased and then increased, is existent at the electric
field intensity line at a certain distance between the elec-
tron emission region and the counter electrode.
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[0064] In acase where one inflection point is existent,
the maximum value of the distance D between the elec-
tron emission region 12 and the counter electrode 18
can be the distance between the electron emission re-
gion 12 and the counter electrode 18 at that inflection
point. In a case where two or more inflection points are
existent, the maximum value of the distance D between
the electron emission region 12 and the counter elec-
trode 18 can be the largest distance between the elec-
tron emission region and the counter electrode 18 at
those inflection points, or the smallest distance between
the electron emission region 12 and the counter elec-
trode 18 at those inflection points. In one embodiment,
the smallest distance between the electron emission re-
gion 12 and the counter electrode 18 is used.

[0065] The location of the inflection point at the elec-
tric field intensity line is differentiated depending upon
the thickness of the insulating layer 8 under the same
driving conditions. That is, the smaller the thickness of
the insulating layer 8, the more the electron emission
regions 12 are affected by the electric field due to the
gate electrodes 6. In a case where the insulating layer
8 is formed through a thin film formation process, such
as deposition, it can have a thickness of about 0.5-1 um.
In a case where the insulating layer 8 is formed through
a thick film formation process, such as screen printing,
it can have a thickness of about 10-30 um.

[0066] When the thickness of the insulating layer 8 is
indicated by t, the distance D between the electron emis-
sion region 12 and the counter electrode 10 with the
presence of the inflection point can be expressed by the
following:

D=28.1553+1.7060t(m) ().

[0067] In a case where one or more inflection points
are present at the electric field intensity line, the expres-
sion 1 refers to the location of the inflection point with
the smallest distance value.

[0068] FIGs.6A,6B,and6C are graphs illustrating the
electric field intensity of the electron emission region de-
pending upon the variation in the distance between the
electron emission region and the counter electrode
when the thickness of the insulating layer is about 30
um, 25 um, and 1 um, respectively. In these three cases,
the electron emission devices have the same structure
except for the thickness of the insulating layer. In FIGs.
6A, 6B, and 6C, the results of the experiments were con-
ducted when about 70V is applied to the gate elec-
trodes, about -80V is applied to the cathode electrodes,
and about 4kV is applied to the anode electrode as il-
lustrated.

[0069] AsshowninFIG. 6A, an inflection point, where
the electric field intensity is first decreased and then in-
creased as the distance between the electron emission
region and the counter electrode is changed (increased
or reduced), is present where the distance between the
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electron emission region and the counter electrode is
about 80 um. Accordingly, when the thickness of the in-
sulating layer is about 30 um, the maximum distance
between the electron emission region and the counter
electrode is established to be about 80 um.

[0070] As shown in FIG. 6B, two inflection points are
present where the distance between the electron emis-
sion region and the counter electrode is about 70 um,
and is about 90 um, respectively. Accordingly, when the
thickness of the insulating layer is about 25 um, the max-
imum distance between the electron emission region
and the counter electrode is established to be about 90
um, or to be about 70 um.

[0071] As shown in FIG. 6C, an inflection point is
present where the distance between the electron emis-
sion region and the counter electrode is about 30 um.
Accordingly, when the thickness of the insulating layer
is about 1 um, the maximum distance between the elec-
tron emission region and the counter electrode is estab-
lished to be about 30 um.

[0072] As described above, the maximum distance
between the electron emission region 12 and the coun-
ter electrode 18 is determined based on the inflection
point at the graph illustrating the electric field intensity.
The smaller the distance between the electron emission
region 12 and the counter electrode 18, the more the
intensity of the electric field applied to the electron emis-
sion region 12 is heightened, thereby increasing the
amount of emitted electrons.

[0073] FIG. 7 illustrates the variation in the cathode
electric current as a function of the voltage difference
between the gate electrode and the cathode electrode
when the distance between the electron emission region
and the counter electrode is about 35 um, 20 um, and
10 um, respectively. The cathode electric current refers
to the amount of electrons emitted from the electron
emission regions. In this experiment, the thickness of
the insulating layer is about 20 um, and about 70V is
applied to the gate electrodes, about -80V is applied to
the cathode electrodes, and about 4kV is applied to the
anode electrode.

[0074] It can be derived from FIG. 7 that within the
range satisfying the condition of the maximum distance
between the electron emission region and the counter
electrode, the smaller the distance between the electron
emission region and the counter electrode, the more the
amount of electrons emitted from the electron emission
regions is increased.

[0075] On the other hand, in order to identify the min-
imum distance between the electron emission region 12
and the counter electrode 18, a leakage of a current de-
pending upon the variation in the distance between the
electron emission region 12 and the counter electrode
18 is illustrated in FIG. 8. The leakage of the current
between the electron emission region and the counter
electrode is irrelevant to the thickness of the insulating
layer.

[0076] AsshowninFIG. 8, within the range where the
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distance between the electron emission region and the
counter electrode is about 2 um or less, the smaller the
distance between the electron emission region and the
counter electrode, the more the leakage of the current
is increased, and when the distance between the elec-
tron emission region and the counter electrode is about
1 um or less, the leakage of the current is radically in-
creased. Considering the experimental results, the dis-
tance between the electron emission region and the
counter electrode should be about 1 um or more.
[0077] As described above, in a case where one or
more inflection points are existent at the line indicating
the intensity of the electric field applied to the electron
emission regions 12, the distance between the electron
emission region 12 and the counter electrode 18 does
not exceed the largest distance between the electron
emission region 12 and the counter electrode 18 at
those inflection points, or the distance does not exceed
the smallest distance between the electron emission re-
gion 12 and the counter electrode 18 at those inflection
points.

[0078] Furthermore, in a case where one inflection
point is existent at the electric field intensity line, the dis-
tance between the electron emission region and the
counter electrode 18 does not exceed the distance be-
tween the electron emission region 12 and the counter
electrode at that one inflection point. Regardless of the
number of inflection point(s), the distance between the
electron emission region 12 and the counter electrode
18 should be about 1 um or more.

[0079] The distance between the electron emission
region 12 and the counter electrode 18 can be ex-
pressed by the following:

1(um)<D<28.1553+1.7060t(1m) )

[0080] In this case, the thickness t of the insulating
layer is in the range of about 0.5-30 pum.

[0081] On the other hand, if the maximum distance
between the electron emission region 12 and the coun-
ter electrode 18 exceeds the distance where the inflec-
tion point is present, the intensity of the electric field ap-
plied to the electron emission region 12 can be height-
ened, but electrons are liable to be charged at the sur-
face of the insulating layer 8. That is, the exposed area
of the insulating layer 8 placed between the electron
emission region 12 and the counter electrodes 18 that
are not covered by these electrodes 8 and 12 is enlarged
so that the surface of the insulating layer 8 at that area
may be charged with electrons.

[0082] The electron charging of the insulating layer 8
induces uncontrollable emission or arc discharging,
thereby deteriorating the stable display characteristic of
the electron emission device. Furthermore, the so-
called diode emission where electrons are falsely emit-
ted due to the anode electric field at the off-stated pixels
is liable to be made. For this reason, too high of a voltage
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should not be applied to the anode electrode 24, and a
limit is made in heightening the screen luminance.
[0083] With a second embodiment of the present in-
vention, a maximum distance between the electron
emission region 12 and the counter electrode 18 is nu-
merically provided. FIG. 9 illustrates the electric field in-
tensity of the electron emission regions as a function of
the variation in the distance between the electron emis-
sion region 12 and the counter electrode 18 according
to the second embodiment. The result illustrated in FIG.
9is measured under the driving conditions different from
those related to the results illustrated in FIGs. 6A to 6C.
[0084] In the drawing, the A curve indicates a case
where the thickness of the insulating layer is about 30
um, the B curve indicates a case where the thickness of
the insulating layer is about 25 um, and the C curve in-
dicates a case where the thickness of the insulating lay-
eris about 1 um. In these three cases, the electron emis-
sion devices have the same structure except for the
thickness of the insulating layer, and the experiments
were made under the condition that about 100V is ap-
plied to the gate electrodes, about OV is applied to the
cathode electrodes, and about 1kV is applied to the an-
ode electrode.

[0085] As shown in FIG. 9, with the case where the
thickness of the insulating layer is about 30 um and the
case where the thickness of the insulating layer is about
25 um, the smaller the distance between the electron
emission region and the counter electrode, the more the
electric field intensity is reduced. When the distance be-
tween the electron emission region and the counter
electrode reaches about 50 um, the electric field inten-
sity is increased proportional to the reduction in that dis-
tance. That is, with the A and B curves, the inflection
point, where the electric field intensity is first decreased
and then increased as the distance between the elec-
tron emission region and the counter electrode is
changed (increased or reduced), is present where the
distance between the electron emission region and the
counter electrode is about 50 um.

[0086] In the case where the thickness of the insulat-
ing layer is about 1 um, the smaller the distance between
the electron emission region and the counter electrode,
the more the electric field intensity is decreased. When
the distance between the electron emission region and
the counter electrode reaches about 35 um, the electric
field intensity is radically increased. That is, with the C
curve, the inflection point, where the electric field inten-
sity is first decreased and then increased as the distance
between the electron emission region and the counter
electrode is changed (increased or reduced), is present
where the distance between the electron emission re-
gion and the counter electrode is about 35 um.

[0087] Accordingly, in the above three cases showing
different thickness of the insulating layer, the distance
between the electron emission region and the counter
electrode should be set at a distance smaller than the
distance between the electron emission region and the
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counter electrode where the inflection point is present.
Therefore, in one embodiment of the present invention,
the distance between the electron emission region and
the counter electrode is established to be about 30 um
or less.

[0088] Furthermore, when the distance between the
electron emission region and the counter electrode is
about 15 um or less, with the above three cases showing
different thicknesses of the insulating layer, the intensity
of the electric field applied to the electron emission re-
gions exceeds 60V/um. Therefore, in one embodiment
of the present invention, the distance between the elec-
tron emission region and the counter electrode is estab-
lished to be 15 um or less.

[0089] As such and in view of the foregoing, the dis-
tance between the electron emission region and the
counter electrode is established to be about 1 to 30 um,
or to be about 1 to 15 um. Accordingly, with the electron
emission device according to the embodiment of FIG.
9, the leakage of the current is minimized, and the effect
of reinforcing the electric field due to the counter elec-
trodes is maximized, thereby increasing the amount of
emitted electrons, and lowering the driving voltage.
[0090] Electron emission devices according to certain
other embodiments of the present invention will be now
described. In these certain embodiments, a distance be-
tween an electron and the counter electrode can be es-
tablished to be the same as the distance described for
emission region the embodiments of FIGs. 1 to 9.
[0091] AsshowninFIG. 10, protrusions 30 are formed
at the one-sided peripheries of the cathode electrodes
28 facing the counter electrodes 18, and the electron
emission regions contact the protrusions 30. A width,
W1, of the protrusion 30 measured in the longitudinal
direction of the cathode electrode 28 is established to
be the same as a width, W2, of the counter electrode 18
measured in that direction.

[0092] The protrusions 30 are selectively formed at
the portions of the cathode electrodes 28 (or only at the
portions of the cathode electrodes 28) facing the counter
electrodes 18, thereby reducing the effect of the electric
field operated at a given pixel to the neighboring pixels,
and controlling the driving per the respective pixels more
precisely.

[0093] AsshowninFIG. 11, with an electron emission
device according to a fourth embodiment of the present
invention, resistance layers 32 are formed between the
cathode electrode 28 and the electron emission regions
12. Particularly, the resistance layers 32 may be dis-
posed between the protrusions 30 of the cathode elec-
trode 28 and the electron emission regions 12. The re-
sistance layers 32 can have a specific resistivity of about
0.01-1010Q/cm, and uniformly control the amount of
electrons emitted from the electron emission regions 12
per the respective pixels.

[0094] In the fourth embodiment, the electron emis-
sion regions 12 are formed on the insulating layer 8
while contacting lateral sides of the resistance layers 32.

10

15

20

25

30

35

40

45

50

55

As shown in FIG. 12, the resistance layers 32' in one
embodiment may also be extended toward the counter
electrodes 18, and the electron emission regions 12 are
formed on the resistance layers 32'. In one embodiment,
thickness of the resistance layers 32' is about 0.5 um or
less, which is smaller than the thickness of the insulating
layer 8. As such, the electron emission regions 12 and
the counter electrodes 18 are placed substantially at
about the same plane.

[0095] As also shown in FIG. 12, in a case where the
electron emission region 12 is formed on the resistance
layer 32', the contact area between the electron emis-
sion region 12 and the resistance layer 32' is increased,
thereby further heightening the effect of the resistance
layer 32"

[0096] AsshowninFIG. 13, with an electron emission
device according to a fifth embodiment of the present
invention, opening portions 36 are formed at the cath-
ode electrode 34 while partially exposing the surface of
the insulating layer. Accordingly, the electric fields of the
gate electrodes 6 placed under the opening portions 36
pass through the insulating layer and the opening por-
tions 36, and affect the electron emission regions 12,
thereby forming stronger electric fields around the elec-
tron emission regions 12 during an operation of the elec-
tron emission device.

[0097] As shown in FIGs. 14 and 15, with an electron
emission display according to a sixth embodiment of the
presentinvention, first cathode electrodes 38 are stripe-
patterned on the first substrate 2 in a first direction of
the first substrate 2 (e.g., in a y-axis direction of FIGs.
14 and 15), and an insulating layer 8' is formed on the
entire surface of the first substrate 2 while covering the
first cathode electrodes 38. Gate electrodes 40 are
formed on the insulating layer 8' while proceeding in a
second direction crossing the first cathode electrodes
38 (e.g., in an-x axis direction of FIG. 15).

[0098] Second cathode electrodes 42 are formed on
the insulating layer 8 between the gate electrodes 40,
and electron emission regions 12' are formed on the in-
sulating layer 8' while contacting the second cathode
electrodes 42. The second cathode electrodes 42 con-
tact the first cathode electrodes 38 through via holes 8a'
formed at the insulating layer 8' while being electrically
connected thereto. The second cathode electrodes 42
and the electron emission regions 12' are provided at
the respective pixel regions defined on the first substrate
2.

[0099] A distance D' between the electron emission
region 12' and the gate electrode 40 can be established
to be the same as the distance D between the electron
emission region and the counter electrode, described
for the embodiments of FIGs. 1 to 9.

[0100] [00100] As shown in FIG. 16, in one embodi-
ment, gate electrodes (e.g., the gate electrodes 40 of
FIGs. 14 and 15) receive scanning signal voltages from
a scanning signal application unit 44 and are used as
the scanning electrodes. In addition, first cathode elec-
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trodes (e.g., the first cathode electrodes 38 of FIGs. 14
and 15) on the first substrate 2 receive data signal volt-
ages from a data signal application unit 46 and are used
as the data electrodes.

[0101] [00101] FIG. 17 illustrates the driving wave-
form to be applied to the electron emission display ac-
cording to the sixth embodiment of the present inven-
tion. For convenience, the gate electrodes will be re-
ferred to as the "scanning electrodes," and the first and/
or the second cathode electrodes will be referred to as
the "data electrodes."

[0102] [00102] As shownin FIG. 17, an on voltage Vg
of a scanning signal is applied to a scanning electrode
Sn within the period of T1. In addition, an on voltage V,
of a data signal is applied to the data electrode Dy,. Elec-
trons are emitted from the electron emission region due
to the difference Vg-V, of the voltages applied to the
scanning electrode Sn and the data electrode Dy, and
collide against phosphor layers (e.g., the phosphor lay-
ers 20 of FIGs. 1, 2, and/or 14) to thereby emit light.
[0103] [00103] Thereafter, the on voltage Vg of the
scanning signal is sustained at the scanning electrode
Sn within the period of T2, and an off voltage Vp of the
data signal is applied to the data electrode Dm. As such,
the difference of the voltages applied to the scanning
electrode Sn and the data electrode Dm is reduced to
be Vg-Vp such that electrons are not emitted from the
electron emission region. The grays can be properly ex-
pressed by varying the pulse width within the sections
of T1 and T2.

[0104] [00104] With the period of T3, an off voltage
V1 of the scanning signal is applied to the scanning elec-
trode Sn, and an off voltage V1 of the data signal is ap-
plied to the data electrode Dm such that electrons are
not emitted from the electron emission region. At this
time, the off voltage V1 of the scanning signal is estab-
lished to be the same as the on voltage V1 of the data
signal or is commonly established to be OV.

[0105] [00105] In view of the forgoing, with the struc-
ture where electron emission regions are electrically
connected to the first and the second cathode elec-
trodes for receiving the data signals, the maximum elec-
tric current value require for the electron emission is di-
vided by the number of the data electrodes. That is,
when the electron emission device makes formation of
a full-white screen, the amount of electrons emitted from
the plurality of electron emission regions corresponding
to one scanning electrode should be maximized. The
maximum electric current value required for the electron
emission is restricted by (or partially burdened to) all the
data electrodes so that the current is flown to the respec-
tive data electrodes with the maximum electric current
value divided by the number of data electrodes.

[0106] [00106] Accordingly, with the electron emis-
sion device according to the embodiments of FIGs. 14
to 17, aluminance difference is not made in the direction
of the gate electrodes (e.g., in the horizontal direction
of the screen). In addition, when the current flowing
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through the cathode electrodes is small even with the
presence of a line resistance of several mega ohms
(MQ) at a first cathode electrode, the luminance deteri-
oration due to the voltage drop is still extremely low.
[0107] [00107]AsshowninFIG. 18, an electron emis-
sion device according to a seventh embodiment of the
present invention has the same basic structural compo-
nents as those related to the sixth embodiment except
that protrusions 50 are formed at one-sided portions of
the gate electrodes 48 facing the electron emission re-
gions 12'. The protrusions 50 are used to provide a
minute distance between the electron emission regions
12" and the gate electrodes 48, and to reduce the effect
of the electric field operated at a given pixel to the neigh-
boring pixels, thereby driving the respective pixels more
precisely.

[0108] [00108]As showninFIG. 19, an electron emis-
sion device according to an eighth embodiment has the
same basic structural components related to the sixth
embodiment and/or the seventh embodiment except
that resistance layers 28 are formed between the sec-
ond cathode electrodes 42 and the electron emission
regions 12'. The electron emission regions 12' are
formed on the insulating layer 8 while contacting lateral
sides of the resistance layers 28. As shown in FIG. 20,
in one embodiment, the electron emission regions 12'
may also be formed on the resistance layers 28'.
[0109] [00109]Inone embodiment, the electron emis-
sion regions 12' are formed on the resistance layers 28',
and the thickness of the resistance layers 28' is about
0.5 um or less, which is substantially smaller than the
thickness of the insulating layer 8. As such, it can be
assumed that the electron emission regions 12 and the
gate electrodes 40 are placed substantially at about the
same plane.

[0110] [00110] Referring now to FIG. 21, a grid elec-
trode 52 is disposed between the first and the second
substrates 2 and 4 with a plurality of electron beam pas-
sage holes 52a according to a ninth embodiment of the
present invention. The grid electrode 52 focuses the
electrons directed toward the second substrate 4, and
intercepts the effect of the anode electric field to the
electron emission regions 12, thereby preventing diode
light emission due to the anode electric field.

[0111] [00111] In addition, FIG. 21 shows that upper
spacers 26a are disposed between the second sub-
strate and the grid electrode, and the lower spacers 26b
are disposed between the first substrate and the grid
electrode.

[0112] [00112] In view of the forgoing, with the elec-
tron emission device according to certain embodiments
of the present invention, the leakage of the current be-
tween the electron emission regions and the gate elec-
trodes is minimized, and the intensity of the electric field
applied to the electron emission regions is heightened.
As a result, the amount of emitted electrons is in-
creased, thereby enhancing the screen luminance and
the color representation, and lowering the power con-
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sumption.

[0113] [00113] While the invention has been de-
scribed in connection with certain exemplary embodi-
ments, it is to be understood by those skilled in the art
that the invention is not limited to the disclosed embod-
iments, but, on the contrary, is intended to cover various
modifications included within the spirit and scope of the
appended claims and equivalents thereof.

Claims
1. An electron emission device comprising:

a plurality of gate electrodes formed on a first
substrate, the gate electrodes being located on
a first plane;

an insulating layer formed on the gate elec-
trodes;

a plurality of cathode electrodes formed on the
insulating layer;

a plurality of electron emission regions electri-
cally connected to the cathode electrodes, the
electron emission regions being located on a
second plane; and

a plurality of counter electrodes placed sub-
stantially on the second plane of the electron
emission regions;

wherein the gate electrodes and the counter
electrodes are for receiving a same voltage; and

wherein a distance, D, between at least one
of the electron emission regions and at least one of
the counter electrodes satisfies the following condi-
tion:

1(um)<D<28.1553+1.7060t(m)

where tindicates a thickness of the insulating layer.

2. The electron emission device of claim 1 wherein the
insulating layer has a thickness of about 0.5 to
30um.

3. The electron emission device of claim 1 wherein the
gate electrodes are positioned closer to the first
substrate than the cathode electrodes.

4. The electron emission device of claim 3 wherein the
counter electrodes are formed on the insulating lay-
er while contacting the gate electrodes through via
holes formed at the insulating layer.

5. The electron emission device of claim 1 wherein the
electron emission regions are formed on the insu-
lating layer such that lateral sides of the electron
emission regions contact lateral sides of the cath-
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ode electrodes.

The electron emission device of claim 1 further
comprising a plurality of resistance layers disposed
between the cathode electrodes and the electron
emission regions.

The electron emission device of claim 1 wherein
opening portions are formed internally at the cath-
ode electrodes to expose a surface of the insulating
layer.

The electron emission device of claim 1 wherein the
electron emission regions are formed with a mate-
rial selected from the group consisting of carbon na-
notube, graphite, graphite nanofiber, diamond, dia-
mond-like carbon, Cg, and silicon nanowire mate-
rials.

The electron emission device of claim 1 further
comprising:

a second substrate facing the first substrate;
a plurality of phosphor layers and an anode
electrode formed on the second substrate; and
a grid electrode disposed between the first and
the second substrates.

10. An electron emission device comprising:

a plurality of gate electrodes formed on a sub-
strate, the gate electrodes being located on a
first plane;

an insulating layer formed on the gate elec-
trodes;

a plurality of cathode electrodes formed on the
insulating layer;

a plurality of electron emission regions electri-
cally connected to the cathode electrodes, the
electron emission regions being located on a
second plane; and

a plurality of counter electrodes placed substa-
nitally on the second plane of the electron emis-
sion regions;

wherein the gate electrodes and the counter
electrodes are for receiving a same voltage;

wherein, when voltages are applied to the
cathode electrodes and the gate electrodes, one or
more inflection points of an electric field intensity
are present; and

wherein, when a distance between at least
one of the electron emission regions and at least
one of the counter electrodes is indicated by D, and
a largest distance between the at least one electron
emission region and the at least one counter elec-
trode at the inflection points is indicated by d1, the
distance, D, between the at least one electron emis-
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sion region and the at least one counter electrode
satisfies the following condition:

1(um)<D<d1(um).

The electron emission device of claim 10 wherein
the distance, D, between the at least one electron
emission region and the at least one counter elec-
trode satisfies the following two conditions:

1(um)<D<28.1553+1.7060t(um),

and

0.5(um)<t<30(um)

where t indicates a thickness of the insulating layer.
An electron emission device comprising:

a plurality of gate electrodes formed on a first
substrate, the gate electrodes being located on
a first plane;

an insulating layer formed on the gate elec-
trodes;

a plurality of cathode electrodes formed on the
insulating layer;

a plurality of electron emission regions electri-
cally connected to the cathode electrodes, the
electron emission region being formed on a
second plane; and

a plurality of counter electrodes placed sub-
stantially on the second plane of the electron
emission regions;

wherein the gate electrodes and the counter
electrodes are for receiving a same voltage; and

wherein at least one of the electron emission
regions and at least one of the counter electrodes
are spaced apart from each other with a distance of
about 1 to 30um.

The electron emission device of claim 12 wherein
the at least one electron emission region and the at
least one gate electrode are spaced apart from
each other with the distance of about 1 to 15um.

The electron emission device of claim 12 wherein
the gate electrodes are positioned closer to the first
substrate than the cathode electrodes.

The electron emission device of claim 14 wherein
the counter electrodes are formed on the insulating
layer while contacting the gate electrodes through
via holes formed at the insulating layer.
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17.

18.
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20.

21.
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The electron emission device of claim 12 wherein
the electron emission regions are formed on the in-
sulating layer such that lateral sides of the electron
emission regions contact lateral sides of the cath-
ode electrodes, and wherein the electron emission
regions are partially protruded from one-sided pe-
ripheries of the cathode electrodes facing the coun-
ter electrodes toward the counter electrodes.

The electron emission device of claim 12 wherein
the cathode electrodes have a plurality of protru-
sions directed toward the counters electrodes, and
wherein the electron emission regions contact the
protrusions.

The electron emission device of claim 12 further
comprising a plurality of resistance layers disposed
between the cathode electrodes and the electron
emission regions.

The electron emission device of claim 12 further
comprising:

a second substrate facing the first substrate;
a plurality of phosphor layers and an anode
electrode formed on the second substrate; and
a grid electrode disposed between the first and
the second substrates.

An electron emission device comprising:

a plurality of first cathode electrodes formed on
afirst substrate, the first cathode electrodes be-
ing located on a first plane;

an insulating layer formed on the first cathode
electrodes;

a plurality of gate electrodes formed on the in-
sulating layer, the gate electrodes being locat-
ed on a second plane;

a plurality of second cathode electrodes placed
substantially on the second plane of the gate
electrodes; and

a plurality of electron emission regions electri-
cally connected to the second cathode elec-
trodes;

wherein the first cathode electrodes and the
second cathode electrodes are for receiving a same
voltage; and

wherein at least one of the electron emission
regions and at least one of the gate electrodes are
spaced apart from each other with a distance of
about 1 to 30pum.

The electron emission device of claim 20 wherein
the at least one electron emission region and the at
least one gate electrode are spaced apart from
each other with the distance of about 1 to 15um.
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The electron emission device of claim 20 wherein
the first cathode electrodes are positioned closer to
the first substrate than the gate electrodes.

The electron emission device of claim 22 wherein
the second cathode electrodes are formed on the
insulating layer while contacting the first cathode
electrodes through via holes formed at the insulat-
ing layer.

The electron emission device of claim 20 wherein
the electron emission regions are formed on the in-
sulating layer such that the lateral sides of the elec-
tron emission regions contact lateral sides of the
second cathode electrodes.

The electron emission device of claim 20 wherein
the gate electrodes have a plurality of protrusions
directed toward the electron emission regions.

The electron emission device of claim 20 further
comprising a plurality of resistance layers disposed
between the second cathode electrodes and the
electron emission regions.

The electron emission device of claim 20 wherein
the gate electrodes are electrically connected to a
scanning signal application unit, and the first cath-
ode electrodes are electrically connected to a data
signal application unit.

The electron emission device of claim 20 further
comprising:

a second substrate facing the first substrate;
a plurality of phosphor layers and an anode
electrode formed on the second substrate; and
a grid electrode disposed between the first and
the second substrates.
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